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 Abstract 
During the last years, as a result of the technological development, farmers started to include a new solution like machinery or 
other devices but the risk level connected with accidents resulting from their use is still high. Agriculture is described as one of 
the most dangerous industry in Poland. Based on these circumstances the studies were conducted where the main objective was 
to investigate a workload during agricultural manual and mechanized tasks. The analysis was conducted on 15 farmers on their 
own farms during the morning and evening milking in the tethering  and carousel systems while lifting and carrying a full bucket 
or a sack and while the tractor was moving. The analysis of muscle load was conducted with the surface EMG 
(Electromyography) system and Job Strain Index method. The highest values of muscle tension and force were observed in the 
forearm muscles during the attachment of teat cups to the udder. It was connected with lifting the equipment in an uncomfortable 
posture assumed by the milker. For the tractor driver the ergonomics of the seat and steering wheel was measured. It has been 
demonstrated that unfavourable working conditions increase the musculoskeletal overload. One of the methods of preventing 
them is to create appropriate working conditions for a specific person and gender. This will allow each worker  to properly adjust 
the work and to apply specific matching equipment. 
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1. Introduction 
Machinery and equipment on a farm are indispensable; they make work easier and more efficient. These days one 
can hardly imagine farming without a tractor or a combine harvester. Mechanization of agricultural production, 
however, involves a large number of threats to the life and health of people who use the equipment, and thus, 
numerous accidents, diseases and ailments associated with it. Workers in the agricultural sector are exposed  
to various risk factors such as manual lifting and handling loads, milking or tractor driving [1,2,3,4]. Agriculture  
is described as one of the most dangerous industries in Poland. Year by year many farmers are injured more often 
than in any other sectors. For example a direct contact with chemical substances negatively influences the 
functioning of the digestive and respiratory systems. Based on these circumstances the studies were conducted where 
the main objective was to investigate a workload during agricultural manual and mechanized tasks. Similar research 
was carried out in an industrial sector. As an advantage it could be reported that so far most of the studies and 
analyses have been developed for farmers applying them only in the workplace. For instance the tractor has become 
a central part of mechanized work on farms, but every day the driver is exposed to noise, vibration and poor seating 
posture, which generates many various musculoskeletal disorders [5]. 
Surveys conducted on farms have shown that the strain on the forearms and neck during a few hours of work  
as a tractor driver implies consequences in the form of discomfort and pain in the upper limbs and neck. Mechanical 
milking is classified among the most strenuous farming jobs. Due to monotypic character of motions, the work  
in modern milking parlors may contribute to the development of symptoms in the musculoskeletal system, resulting 
in pain in the arms, legs and spine [1,6,7]. The most exposed to extreme loads are the wrists, forearms, shoulders and 
neck and often part of the lumbar spine [8].  Several hours’ milking is a sequence of repetitive operations that 
generate the risk of ailments in the wrists and hands [9,10,11,12]. It is directly related to the angle at which the wrists 
and hands are located during subsequent milking operations [13,14]. Women are particularly vulnerable to the 
problems in the musculoskeletal system. [15]. This is a very common problem arising from the fact that the jobs are 
designed, in most cases, taking into account the anthropometric measurements of men. Working in such conditions 
often causes discomfort, reduced productivity and higher energy expenditure. The conducted studies have found that 
a number of women working continuously for 8 hours suffer from pain in the hands, wrists and neck [16,17]. 
Lifting and manual handling of objects as well as transport of objects using a handcart have particular impact  
on musculoskeletal disorders. According to a widely accepted view considerable dimensions of the carried objects 
hamper the performance of the work and reduce its safety.  Moreover, larger dimensions of the carried object lead to 
an increase in the arm force of the load relative to the spine. There are also some recommendations on how to lift 
objects of untypical shapes [21]. 
The study aimed at measuring of the burden on the musculoskeletal system of milkers while performing 
mechanical milking of cows in a "herringbone" milking parlor, as well as the measurement and evaluation of the 
strain on the arms and hands of tractor operators and strain on the upper limbs during manual handling of objects.  
Also for the purposes of this article a mathematical model, describing the relationship of selected factors related 
directly to the performed activity on physical strain of milkers, was built and verified. 
 
Nomenclature 
H hypothesis            
EMG  electromyography 
MVC maximal voluntary contraction 
2. Materials and methods 
2.1. Research sample 
The study involved a group of 15 farmers (7 women, 8 men). The average age of the subjects was 40 years old, 
170 cm of height, and the average weight of 75 kg. The study was performed on private farms, each measurement 
was repeated twice. All tested persons were healthy. Each person had relevant experience, as they had performed the 
activities for at least 4 years. The study population included both the right-handed and the left-handed. 
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Within the conducted study, in order to assess the strain on the musculoskeletal system, the Job Strain Index and 
Electromyography methods were applied supported by an own mathematical model developed for this purpose. 
2.2. Electromyography 
For the purpose of measuring strain the EMG (Electromyograph) device was also used which helped measure the 
muscular Maximal Voluntary Contraction percentage (% MVC) - generated by the muscles of the forearm, spine 
and neck. The surface electromyography, next to the analysis of time-distance parameters and kinematic values, was 
used to determine the correct body posture of farmers during work, thereby minimizing the burden. The measured 
burden (% MVC) is directly proportional to the force generated by the muscle and burden resulting from the 
performed work [19,20,21]. The results were compared to the accepted norms of optimal load for the muscles. 
2.3. Job Strain Index 
The Job Strain Index method is used to assess the total strain of the upper limbs of the movement system  
in humans. It is applied to estimate the strain while working with high frequency of repetitions.  It was applied in the 
study to thoroughly analyze the strain of the movement system of milkers while working in the "herringbone" type 
parlor. A number indispensable criteria and rules must be met in order to determine the total JSI correctly. For this 
purpose several indirect multipliers are determined (IE, DE, EM, HWP, SW, DD), which accurately characterize the 
course of activities performed by the worker under test. The general formula for determining the index is as follows 
[18,19]: 
JSI = IE x DE x EM x HWP x SW x DD 
where: 
 
IE - Intensity of Exertion   
DE - Duration of Exertion 
EM - Efforts per Minute 
HWP - Hand/Wrist Posture 
SW - Speed of Work  
DD - Duration of Task per Day 
 
The risk of disorders in the movement system of the workers in the test workstation is assessed according to the 
scale set in Table 1. 
 
Table 1. Risk assessment criteria as per JSI method. Source:  own elaboration based on [18]. 
Index value Risk of developing  health problems 
JSI<3 Low 
3<JSI<5 Medium 
5<JSI<7 High 
JSI>7 Very high 
2.4. Mathematical model of workload 
The mathematical model was developed and then subject to statistical verification in order to accurately 
determine factors that have the most significant impact on the value of the workload of a milker. The general figure 
of the model can be put as follows: 
 
ܻ ൌ ߙ଴ ൅ߙଵ ଵܺ ൅ ߙଶܺଶ ൅ ڮ൅ ߙ௞ܺ௞ ൅ ߝ   (1) 
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Where: ߙ଴ǥߙ௞are the unknown parameters of the model, whereas ଵܺ, ܺଶ, …, ܺ௞. are the variables of the model 
that describe the dependent variable Y.  In order to correctly select the explanatory variables the critical value of the 
correlation coefficient (r*) was used. Its value was determined using the following formula: 
 
ݎ כൌ ට ௧
మ
௧మା௡ିଶ  (2) 
 
Where t is a statistical value from t-Student’s tables for the materiality level ߙ = 0.05 and for 13 degrees of 
freedom. 
2.5. Statistics 
In order to determine the materiality level of the model’s structural parameters, two hypotheses were made for 
their vector.  The first hypothesis H0 assumes that: ߙଵ ൌ ߙଶ ൌ ߙଷ = 0, whereas the second hypothesis H1, assumes 
that: ∑ן௡ ≠ 0.  In the absence of evidence to reject hypothesis H0  one should consider that all explanatory variables 
should be removed from the model. It should be noted that if the zero hypothesis is true the statistic follows Fisher - 
Snedecor’s distribution, where n1 = m and n2 = n - m - 1 are the degrees of freedom. For the materiality level 
ןൌ ͲǡͲͷ we check the critical value F* in the distribution tables, where if F > F* then we reject zero hypothesis, 
while stating that at least one parameter in the estimated model is significantly different from zero. 
After estimating model parameters the degree of correlation of the model with the empirical data was analyzed 
according to the selected measure of alignment. For this purpose the coefficient of determination ܴଶ, 
which tells us how much the variation of the dependent variable Y is explained by the variation of explanatory 
variables that occur in the model. 
3. Results 
3.1. Milking of cows 
One of the farm works selected for the research was milking of cows. The process involves several consecutive 
steps: preparation of equipment for milking, washing udders, pre-milking udder massage, taking milk sample, 
proper milking, additional milking, post milking massage and washing of the milking equipment. The analysis was 
conducted in a "herringbone" type parlor with 2x3 stations. A diagonal arrangement of milking stations in such  
a parlor provides milkers with easy access to the udders. Milking operations are performed in a pipeline system; 
preparation of subsequent cows for milking and setting up the milking equipment. The average number of cows 
milked in the test parlors amounted to 115 animals. 
3.2.  Electromyography 
In order to calculate the strain on milkers which was generated during milking, the average % MVC was 
determined i.e. the level of muscle tension (percentage of maximum force), which was characteristic of the 
forearms, neck and spine during subsequent milking operations performed by milkers. For this purpose the EMG 
method was used.  Table 2 presents the results obtained on 15 surveyed farms. The first column shows the milkers’ 
subjective evaluations of the strain level on their musculoskeletal system on a 10-point scale. The detailed analysis 
of the milking process showed that the highest values of the strain (% MVC) occurred while attaching the milking 
equipment and this was associated with maintaining a frequently forced body position, determined by 
anthropometric dimensions of the milker. Many times, the optimal level of strain (permitted % MVC for 8 hours of 
work) at 30% of maximum force was exceeded. Consequently, this can lead to long term ailments and diseases of 
the musculoskeletal system. 
The examined frequency of repetitions per minute falls within the range of 2-5 per minute. Measurements of 
angles of each limb against the reference position, e.g. the upright posture of the body, proved particularly 
important. The analysis of these positions was carried out for the neck, forearms and spine.  It was noted that 
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depending on inter alia the height of milkers, different angle of the forearms while attaching milking gear generates 
specific level of strain. The external strain on the milkers’ forearms was influenced mainly by the weight of the 
milking equipment (2.1 - 3.5 kg). 
 
Table 2. Results of observations of variables describing the milkers’ strain. Source: own research. 
Subjective 
evaluation 
of strain 
(points) 
Strain on 
forearms 
 (%MVC) 
Strain on 
spine  
(%MVC) 
Strain on 
neck  
(%MVC) 
Frequency of 
repetitions 
per minute 
(number) 
Duration of 
activity in a 
day 
 (minute) 
Number of 
milked cows 
 (number) 
Forearms 
inclination 
angle 
(degree) 
Back 
bending 
angle 
(degree) 
External 
load 
(kilogram) 
4 22 22 21 4 270 113 75 20 2,1 
5 28 28 22 3 240 100 90 25 2,2 
7 29 29 30 4 425 175 95 40 3,5 
8 42 22 14 5 270 113 105 30 3 
5 31 31 32 4 410 170 98 25 2,9 
5 26 26 24 3 300 125 85 15 2,5 
4 32 14 14 3 240 100 75 20 2,2 
3 14 32 11 3 252 105 72 10 2,1 
6 38 21 25 2 210 88 114 25 2,5 
5 32 32 16 3 242 90 80 15 2,5 
6 30 25 22 4 270 113 105 25 2,7 
8 36 26 20 4 280 125 128 30 2,4 
7 22 22 12 4 300 125 100 35 3,3 
4 28 28 23 5 270 120 124 40 2,7 
5 31 30 20 5 288 112 120 25 2 
Yi X1 X2 X3 X4 X5 X6 X7 X8 X9 
3.3. Job Strain Index 
The data contained in Table 2 were used to assess the JSI.  They have been supplemented, in line with the 
methods assumption, with the pace of work and the duration of the effort defined as the ratio of the duration of all 
the efforts against the total observation time of the working milker. The pace of work was evaluated based on the 
behavior of the individual under test, the duration of the subsequent activities and the factors related to the work 
environment. In a scale of five the milkers rated 3 points (average pace). The duration of effort calculated in 
accordance with the above algorithm was 0.8. On the basis of information contained in the JSI method, each of the 
six multipliers was assigned a corresponding designated average point value as shown in Table 3. 
Based on the received results the value of the JSI was estimated at 4.78, which translates to an average level of 
risk of developing problems in the musculoskeletal system of milkers. 
 
Table 3. Values of multipliers assigned to each activity within milking work as per Job Strain Index. Source: own elaboration. 
Activity/Index IE DE EM HWP SW DD 
Washing of udders 6 1 
0,5 
1 1 0,5 
Udder massage 3 1 1 1 0,25 
Pre-milking 3 1 1 1 0,25 
Fitting the milking gear 9 1 1 1,5 0,25 
Removing the milking gear 6 0,5 1 1,5 0 
Post-milking 6 0,5 1 1,5 0,25 
Post-milking massage of udders 3 0,5 1,5 1 0,25 
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3.4. Mathematical model of strain on milkers  
The model was built using data contained in Table 2.  The Statistica software package was applied to prepare and 
verify the model. Table 4 contains correlation coefficients among all variables that were taken into account in the 
model. The explanatory variables in Table 4 are listed in the same order as in Table 2. 
 
Table 4. Values of correlation coefficients among analyzed variables. Source:  own  research. 
Y X1 X2 X3 X4 X5 X6 X7 X8 X9 
Y 1 0,1991 0,6106 0,5755 0,2613 0,2414 0,2741 0,5321 0,5563 0,6129 
X1 0,1991 1 0,1155 0,2563 -0,3973 0,1007 0,1379 -0,2379 -0,1674 0,0307 
X2 0,6106 0,1155 1 0,5128 0,125 -0,0744 -0,0679 0,5295 0,3071 0,1805 
X3 0,5755 0,2563 0,5128 1 0,3996 0,5787 0,5925 0,392 0,5653 0,6535 
X4 0,2613 -0,3973 0,125 0,3996 1 0,3754 0,3954 0,4841 0,5662 0,2695 
X5 0,2414 0,1007 -0,0744 0,5787 0,3754 1 0,9832 0,0631 0,411 0,6257 
X6 0,2741 0,1379 -0,0679 0,5925 0,3954 0,9832 1 0,1323 0,4851 0,6411 
X7 0,5321 -0,2379 0,5295 0,392 0,4841 0,0631 0,1323 1 0,6583 0,2076 
X8 0,5563 -0,1674 0,3071 0,5653 0,5662 0,411 0,4851 0,6583 1 0,6762 
X9 0,6129 0,0307 0,1805 0,6535 0,2695 0,6257 0,6411 0,2076 0,6762 1 
 
The critical value of the correlation coefficient was used to properly select the explanatory variables for the 
model. Based on equation (2) it was; r *= 0,513. On the basis of this relationship and the assumption that 
explanatory variables should be minimally correlated with each other, the following explanatory variables were 
selected to create the mathematical model: ܺଶ ,X7, X9, where in the established equation: X2→ Z1,  X7 → Z2,   
X9 →Z3. The test of significance of structural parameters conducted on the basis of Fisher-Snedecor’s statistics 
indicated that we reject hypothesis Ho; F=11,  F* = 3.59,  i.e.   F > F*. The ultimate form of the model is as follows: 
 
ܻ ൌ ͲǡͲͻܼଵ ൅ ͲǡͲͳܼଶ ൅ ͳǡ͸͸ܼଷ െ ͵ǡͳ͸    (3) 
        (0,004)     (0,001)  (0,610)     (1,91) 
 
Values in brackets denote standard deviations for individual parameters. In order to determine the degree  
of correlation of the model with the variables, The coefficient of determination ܴଶ is 0.76, which means that the 
determined model is defined in 76% by the given variables. 
3.5.  Strain on tractor operator 
Based on the example of tractor operator the maximal voluntary contraction percentage (percentage of maximal 
force) generated by the forearms of the operator was determined for the measured angle of the steering column 
versus the ground. The study was carried out on the tractor URSUS 3512 without hydraulic power steering  
(Figure 1).            
Fig. 1. Determining the positioning of the steering column in a tractor aimed to minimize the strain on operator’s forearms. Source: own research. 
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Fig. 2. Maximal percentage use of muscle force (% MVC) for individual parts of the musculoskeletal system in farmers under test for 10 and 20 
kg  loads. Source: own  research. 
Based on the conducted analysis the optimal angle of the steering column fits within the range 30-70 degrees, at 
which the risk of pain and problems is getting lower.  Many hours’ work with this angle of the steering wheel will 
not affect the musculoskeletal system of the tractor operator adversely, as the maximum muscle force applied falls 
down to 15% MVC. 
3.6. Strain during manual handling of loads 
Strain resulting from handling, manual lifting and using a handcart in transportation, where part of the load  
is transferred onto the person, is among the most frequently manifested in the farm works.  The survey determined 
strain on selected body parts of farmers during manual  handling of 10 and 20 kg loads. The highest percentage  
of the force used was measured for the arm at extension by 20◦ angle while carrying 20 kg load. A similar value was 
recorded for the lumbar spine approx. 30% of MVC. The lowest impact had 10 kg load on farmer’s shoulders 
generating 8% MVC. The load was transferred at the distance of 10 m on a flat surface. The results of the analysis 
are shown in Figure 2. 
Having converted the obtained % MVC to forces generated during work, it must be emphasized that such forces 
even reach the value of 5000 N at incorrect lifting and moving of loads. It has been demonstrated that unfavorable 
working conditions increase the musculoskeletal overload. Musculoskeletal diseases are therefore a wide health 
problem among workers. One of the methods of preventing them is to create appropriate working conditions for  
 a specific person and gender. This will allow women to properly adjust the work and to apply specific matching 
equipment. 
4. Discussion 
A similar assessment with the JSI and Electromyography methods was conducted for a number of other 
professions. The former study showed muscle's loads of the arms and forearms, which, in combination with position 
and movements of the hand and arms, might contribute to the development of injuries in the hand [12,13].  
The analysis primarily focused on the measurement of the muscular activity of the finger flexors directly and thus  
it is reasonable to assume that the flexor activity may influence a higher activation of the biceps. It was also 
emphasized that the weight of heavy milking equipment in the hand should be reduced and this might  
be an important factor in contributing to the safety of agricultural work. In the case of the waiter profession for 
example, it was found that the highest burden generating activities were those that required working in an upright 
position with arms exposed to external load greater than 5 kg, where the activity required at least 8 repetitions per 
minute [23].  In the case of the analyzed waiters’ profession the overall JSI value exceeded 20. This result was much 
higher than that for the milkers. The difference might result from work organisation in both professions. In the case  
of waiters their activities were carried out for a period of an 8-hour shift, while milking was usually divided into two 
four-hour cycles. 
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5. Conclusions 
Based on the conducted research it was found out that the optimal angle of the steering column to minimize the 
burden on forearms and shoulders fits within the range 30◦-70◦. The hands, arms and spine are most likely to develop 
disorders of the musculoskeletal system during manual handling of loads. The Job Strain Index method helped 
determine the medium level of risk of developing pain in the musculoskeletal system of milkers. The use of 
electromyography made it possible to measure strain in the real time while milking cows in the "herringbone" 
milking parlor. In order to accurately determine the impact of various factors on the overall level of burden during 
milking, a mathematical model was built, which was then subjected to verification - both variables as well as 
structural parameters.  The performed analysis showed that excessive load on the spine, the angle of the forearms 
and the external load on the forearms have the highest impact on the overall strain on the musculoskeletal system of 
milkers.  
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